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Abstract
We propose a non-linear extension of U(1) × U(1) (abelian) ABJM model including
TM2 (higher derivative) corrections. The action proposed here is expected to describe
a single M2-brane proving C4/Zk target space. The model includes couplings with the
3-form background in the eleven-dimensional supergravity which is consistent with the
orbifold projection. We show that the novel higgs mechanism proposed by Mukhi and Pa-
pageorgakis does work even in the presence of higher derivative corrections and couplings
with the background field, giving the correct structure of the Dirac-Born-Infeld action
with Wess-Zumino term for a D2-brane. We also find half BPS solutions in the full non-
linear theory which is interpreted as an another M2-brane intersecting with the original
M2-brane. A possible generalization to U(N)× U(N) gauge group is briefly discussed.
ashin-s(at)th.phys.titech.ac.jp
1 Introduction
Recently, the low-energy description of multiple M2-branes has been intensively studied. Bag-
ger, Lambert and Gustavsson proposed a three dimensional N = 8 supersymmetric model with
SO(8)R R-symmetry (BLG model) as an effective theory of multiple M2-branes which is based
on the three-algebra structure [1, 2]. On the other hand, Aharony-Bergman-Jafferis-Maldacena
recently proposed a three dimensional N = 6 superconformal Chern-Simons-matter theory as
an alternative model of N coincident M2-branes probing C4/Zk orbifold (ABJM model) [3].
The gauge group is U(N) × U(N) and four complex scalar fields are introduced as the (anti)
bi-fundamental representation of the gauge group. Two gauge fields Am and Aˆm corresponding
to each U(N)s have levels k and −k respectively and the Lagrangian of the ABJM model ex-
hibits an SU(4)R R-symmetry. For SU(2)× SU(2) gauge group, the N = 6 supersymmetry is
enhanced to N = 8 and the ABJM model coincides with the BLG model [4]. It is also argued
in [3] that the model is dual to M-theory on AdS4 × S7/Zk at large-N .
A lot of works on the classical solutions of this model have been achieved. In [5], a BPS fuzzy
funnel configuration that represents an M5-brane intersecting with multiple M2-branes was
found1. A domain wall solution that interpolates between a fuzzy sphere and trivial vacua was
found in the mass deformed ABJM model [8]. There is a detail discussion on the dimensionality
of the fuzzy sphere [7]. Other BPS objects such as vortices, Q-balls and so on were studied in
[9, 10, 11, 12].
It is known that M2-branes in eleven dimensions are reduced to D2-branes in ten dimensions
by compactifing one of the transverse direction to the M2-branes. This procedure is performed
by the novel higgs mechanism proposed in [13]. It has been shown that the U(N)×U(N) ABJM
theory is reduced to U(N) super Yang-Mills theory describing N coincident D2-branes. Since
the super Yang-Mills action is the leading order approximation in α′ (string scale) expansion
of the non-abelian Dirac-Born-Infeld (DBI) action, it is natural to expect that the ABJM
action is modified by the higher derivative membrane corrections that are suppressed by the
eleven-dimensional Planck mass M11 or M2-brane tension TM2. Various investigations on this
issue have been carried out especially in the (Lorentzian) BLG models [14, 15, 16, 17], while
corresponding studies in the ABJM model have not been analyzed so far.
In this paper we investigate higher derivative corrections in the ABJM model, namely, T−1M2
corrections in eleven dimensions. Since it is known that the non-abelian DBI action [18, 19] is
not correct at least at O(F 6) [20], we focus on the abelian DBI action which is correct for all
orders in α′. This abelian DBI action should be obtained from U(1) × U(1) (abelian) ABJM
model including all order of T−1M2 corrections. We find a simple non-linear generalization of the
abelian ABJM model that correctly reproduces the abelian DBI action after compactifing one
transverse direction. In this process, the non-dynamical gauge fields Am, Aˆm become dynamical
via the novel higgs mechanism. We also consider a coupling of a single M2-brane with the 3-
form in the eleven-dimensional supergravity. This coupling is given by the Wess-Zumino term
which is covariantized by the world-volume gauge group. The Wess-Zumino term reproduces
the correct structure of the couplings with the NS-NS 2-form and R-R 3-form backgrounds in
the D2-brane DBI action.
To confirm the availability of this non-linear action, we derive 1/2 BPS conditions both in
the abelian ABJM and its non-linear extension. We demonstrate that the BPS solution in the
1See [6] for the related work in the BLG model.
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ABJM model is an exact solution even in the non-linear level. All the higher derivative effects
cancel out provided that the BPS configuration is concerned. This result is consistent with the
D-brane cases in string theories.
The organization of this paper is as follows. In the next section, we briefly explain the
D2-brane effective theory. In section 3, the abelian ABJM model in eleven dimensions and
its reduction to the D2-brane action in type IIA string theory are reviewed. A BPS solution
preserving half supersymmetry is derived in this section. The solution is interpreted as an
M2-brane intersecting with the original M2-brane. In section 4, we introduce a non-linear
generalization of the abelian ABJM model that couples to the 3-form background in the eleven-
dimensional supergravity. We show that by the higgs mechanism, the model is adequately
reduced to the abelian DBI action with Wess-Zumino term. Section 5 is conclusions and
discussions where non-abelian generalization is briefly discussed.
2 D2-brane effective theory
In this section, we review the effective action of a single D2-brane in the DBI and its dual forms.
If the derivative corrections to the gauge field strength Fmn is ignored, the abelian DBI action
contains all α′ corrections leading to the resolution of the field strength singularity [21] and
allows supersymmetric extension of the action [19]. The bosonic part of the single D2-brane
effective action is given by the following DBI form,
SD2 = −TD2
∫
d3x
√
− det(P [g]mn + λFmn), (2.1)
where P [g]mn is the induced metric and Fmn = ∂mAn−∂nAm, m, n = 0, 1, 2 is the field strength
of the world-volume U(1) gauge field Am. λ = 2πα
′ and TD2 = 1(2piα′)2 g
−1
st α
′− 3
2 is the tension
of a D2-brane. gs is the string coupling constant. In this paper we consider flat Minkowski
background and neglect curvature couplings of gravity. In the static gauge, the pull-back of
the metric is evaluated as
P [g]mn = ηmn + λ
2
7∑
I=1
∂mX
I∂nX
I = ηmn +
T−1D2
g2D2
7∑
I=1
∂mX
I∂nX
I , (2.2)
where ηmn = (−1,+1,+1) and XI , (I = 1, · · ·7) are scalar fields representing fluctuations
in the transverse directions to the D2-brane. Here we have used the relation that the gauge
coupling constant gD2 in the D2-brane world-volume theory is defined by TD2λ
2 = 1
g2
D2
. The
action (2.1) preserves N = 8 supersymmetry (16 supercharges) and is invariant under the
SO(7)R R-symmetry and U(1) gauge symmetry. Since the action (2.1) is highly non-linear, it
is useful to linearize it by introducing a Lagrange multiplier p. The action (2.1) is rewritten as
SD2 =
∫
d3x
[
p
2
det g − T
2
D2
2p
det(δm
n − λFmpgpn)
]
, (2.3)
where we have omitted the symbol “P” of the pull-back. It is easy to check that the original
action (2.1) is recovered by solving the equation of motion for p and put the solution back into
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the action (2.3). The action (2.3) can be further rewritten by the introduction of an auxiliary
field tm,
SD2 =
∫
d3x
[
p
2
det g
(
1 + λ2g4D2tmtng
mn
)
+
1
2
ǫmnptmFnp − T
2
D2
2p
]
. (2.4)
Again, one can show that the action (2.3) is recovered once the auxiliary field is integrated
out. At the leading order in α′, the action (2.1) reduces to that of the (bosonic part of) the
supersymmetric Maxwell action.
On the other hand, once the D2-brane couples to the NS-NS 2-form B and R-R 3-form C(3)
backgrounds in type IIA supergravity, the effective action is given by
SD2 = −TD2
∫
d3x
√
− det(P [g]mn + P [B]mn + λFmn) + TD2
∫
d3x ǫmnpP [C(3)]mnp, (2.5)
where the pull-back of Bmn in the static gauge is evaluated as
P [B]mn = Bmn + λBmI∂nX
I − λBnI∂mXI + λ2BIJ∂mXI∂nXJ . (2.6)
Here I, J = 1, · · · , 7 label the transverse directions to the D2-brane world-volume and ǫij , ǫij
are anti-symmetric tensors with ǫ12 = −ǫ12 = 1. The pull-back of the R-R 3-form is evaluated
as
P [C(3)]mnp = C
(3)
mnp + 3λC
(3)
mnI∂pX
I + 3λ2C
(3)
mIJ∂nX
I∂pX
J + λ3C
(3)
IJK∂mX
I∂nX
J∂pX
K . (2.7)
At leading order in α′, interaction terms in the DBI Lagrangian LDBI in (2.5) which contain
at least one NS-NS 2-form are
LDBI ∼ −TD2
4
BmnB
mn − λTD2BmnBmI∂nXI − TD2λ
2
FmnBmn − 1
2g2D2
BmnBIJ∂mX
I∂nX
J
− 1
2g2D2
BmIB
m
J∂nX
I∂nXJ +
1
2g2D2
BmIBnJ∂
nXI∂mXJ − 1
g2D2
FmnBmI∂nX
I
+O(TD2λ3). (2.8)
We will see that the first line in the above expression is projected out in eleven dimensions and
the second line will be obtained from the ABJM model accompanied with the coupling with
3-form in eleven-dimensional supergravity.
3 U(1)× U(1) ABJM model
3.1 Reduction to ten dimensions via the higgs mechanism
If one of the transverse direction to an M2-brane in eleven-dimensional M-theory is compactified,
the M2-brane reduces to a D2-brane in ten-dimensional type IIA string theory. This procedure
from the viewpoint of the M2-brane effective theory was proposed, first in the BLG model
[13] and later performed in the ABJM model [22]. Assuming that one of the four scalar fields
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in the ABJM model develops a real VEV2 v and taking the limits v, k → ∞ with fixed v/k,
the cone in the target space is regarded as a cylinder at points far from the origin and which
substantially leads to the compactification of the transverse direction. The non-dynamical
gauge fields become the dynamical one in this procedure and the N = 8 supersymmetric U(N)
gauge theory is obtained from the U(N) × U(N) ABJM model. This mechanism is known as
the novel higgs mechanism. In the rest of this subsection, we review this mechanism by focusing
on the abelian ABJM model. The U(1)× U(1) ABJM action [3, 23] is given by
SABJM =
∫
d3x
[
k
4π
ǫmnp(Am∂nAp − Aˆm∂nAˆp)−DmY †ADmY A − iψ†AγmDmψA
]
, (3.1)
where an integer k is the Chern-Simons level, γm are the three-dimensional gamma matrices,
Y A (A = 1, · · · , 4) are complex scalars transforming in 4 by the SU(4)R R-symmetry and ψA
are superpartner of Y A. The gauge covariant derivative is defined as DmY
A = ∂mY
A+iAmY
A−
iY AAˆm. The action is gauge invariant under the following U(1)× U(1) gauge transformation,
Y A → eiλY Ae−iλˆ, ψA → eiλψAe−iλˆ, Am → Am − i∂mλ, Aˆm → Aˆm − i∂mλˆ, (3.2)
where λ, λˆ are gauge parameters for each U(1) group. This action represents a single M2-brane
probing C4/Zk orbifold and has N = 6 supersymmetry in three dimensions. The orbifold
projection is defined by Y A → e 2piik Y A. The N = 6 supersymmetry transformation is given by
[5]
δY A = iωABψB,
δY †A = iψ
†BωAB,
δψA = −γmωABDmY B,
δψ†A = DmY
†
Bω
ABγm,
δAm =
π
k
(
−Y Aψ†BγmωAB + ωABγmψAY †B
)
,
δAˆm =
π
k
(
−ψ†AY BγmωAB + ωABγmY †AψB
)
,
(3.3)
where ωAB, ωAB are supersymmetry parameters. In the following, we consider only the bosonic
part of the action and keep k ≫ 1 so that the classical analysis is reliable. Let us see that this
action reduces to the N = 8 supersymmetric U(1) gauge theory by the higgs mechanism. We
consider the following decomposition,
A′m =
1
2
(Am + Aˆm), B
′
m =
1
2
(Am − Aˆm). (3.4)
Once a scalar field, for example Y 4, develops a VEV v ∈ R, the gauge symmetry is broken
down to its diagonal part, U(1)×U(1)→ U(1)diag and the scalars become gauge neutral. After
shifting the scalar field Y A → vδA4 + Y A and rescaling B′m → B′m/v to keep the finite kinetic
term of the gauge field, and decomposing the complex scalar fields as
Y A =
1√
2
(XA + iXA+4), (A = 1, · · · , 4), (3.5)
2Note that this VEV should be a flat direction of vacua.
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where XI (I = 1, · · · , 8) are real, the action becomes
SABJM =
∫
d3x
[
k
2πv
ǫmnpF ′mnB
′
p − ∂mY †A∂mY A −
2i
v
B′mY
A∂mY †A +
2i
v
B′mY
†
A∂
mY A
− 4
v2
B′mB
′mY AY †A −
4√
2
B′m∂
mX8 − 8i√
2v2
B′mB
′mX4 − 4B′mB′m
]
, (3.6)
where F ′mn = ∂mA
′
n−∂nA′m. Then taking the limit v, k →∞ with k/v fixed, a transverse direc-
tion is compactified and the effective action reduces to that of a D2-brane in ten-dimensional
type IIA string theory. The resulting action SD2 is
SD2 =
∫
d3x
[
k
2πv
ǫmnpF ′mnB
′
p − ∂mY †A∂mY A −
4√
2
B′m∂
mX8 − 4B′mB′m
]
. (3.7)
Since B′m is the auxiliary field, it can be integrated out giving the bosonic part of the N = 8
supersymmetric U(1) gauge theory with manifest SO(7)R R-symmetry,
SD2 =
∫
d3x
1
g2D2
[
−
7∑
I=1
1
2
∂mX
I∂mXI − 1
4
F ′mnF
′mn
]
, (3.8)
where at the final step, we have rescaled XI → g−1D2XI and defined the gauge coupling constant
in D2-brane as 1
g2
D2
≡ k2
8pi2v2
.
3.2 BPS solutions
Since BPS configurations in effective theories of branes frequently become useful guidelines
toward the construction of a non-linear action, we study BPS solutions of the abelian ABJM
model. One can show that the energy E of the abelian ABJM model is given by
E =
∫
d2x
[|D0Y A|2 + |DiY A|2]
=
∫
d2x
[
|D0Y A|2 + 1
2
∣∣DiY A ± iǫijDjY A∣∣2
]
± i
∫
d2x ǫijDiY
ADjY
†
A, (3.9)
where i, j are the space indices in the M2-brane world-volume. The last term is rewritten as
± i
∫
d2x ǫijDiY
ADjY
†
A = ±iǫij
∫
d2x ∂i(Y
ADjY
†
A)∓
i
2
ǫij
∫
d2x i|Y A|2(Fˆij − Fij). (3.10)
Since the gauge fields are non-dynamical, constraints come from the equations of motion for
the gauge fields. These are given by
k
4π
ǫmpqFpq = i(Y
ADmY †A − Y †ADmY A),
k
4π
ǫmpqFˆpq = i(Y
ADmY †A − Y †ADmY A).
(3.11)
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We call these Chern-Simons constraints. From the constraints, we have the relation F12− Fˆ12 =
0. Then the energy bound is obtained as
E =
∫
d2x
[
|D0Y A|2 + 1
2
∣∣DiY A ± iǫijDjY A∣∣2
]
± iǫij
∫
d2x ∂i(Y
ADjY
†
A)
≥ ±iǫij
∮
dxi Y
ADjY
†
A (3.12)
The equality holds if the following BPS equations are satisfied,
D0Y
A = 0,
D1Y
A ± iD2Y A = 0.
(3.13)
The Chern-Simons constraints are rewritten, in terms of A′m, B
′
m, as
k
2π
ǫmpqF (B)pq = 0,
k
2π
ǫmpqF ′pq = 2i(Y
ADmY †A − Y †ADmY A),
(3.14)
where F
(B)
pq = 12(Fpq − Fˆpq), F ′pq = 12(Fpq + Fˆpq). Assuming the configuration Y 1 = Y 6= 0, Y A =
0 (A = 2, 3, 4), and taking the gauge B′m = 0, the BPS equations (3.13) reduce to
∂0Y = 0,
∂¯Y = 0, or ∂Y = 0,
(3.15)
where we have defined z = 1√
2
(x1 + ix2) and ∂ =
∂
∂z
. From the first condition, we find that
Y is time independent. Therefore Y is a static (anti)holomorphic function. This is just the
solution discussed in [24, 25] where the solution is interpreted as an M2-brane intersecting with
an another M2-brane. In [24, 25], holomorphic embeddings of M2-branes without gauge fields
were analyzed while here, in addition to the scalar field Y , we have the non-trivial gauge field
configuration. We will see that this gauge field configuration is consistent with the M2-brane
interpretation of the solution.
Let us analyze the gauge field sector of the solution. Once we employ the gauge B′m = 0
the Chern-Simons constraints become
k
4π
ǫmpqF ′pq = i(Y ∂
mY † − Y †∂mY ). (3.16)
Because Y is time independent, we have the following result,
ǫ0ijF ′ij = 0. (3.17)
Accordingly, the magnetic field B˜ is zero. Here we have defined the electric field E ′i and the
magnetic field B˜ as
F ′pq =

 0 E ′1 E ′2−E ′1 0 B˜
−E ′2 −B˜ 0

 . (3.18)
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From the space components in the Chern-Simons constraint (3.16), we have
Ez =
2π
k
(Y ∂¯Y † − Y †∂¯Y ), (3.19)
where we have defined
Ez =
1√
2
(E ′1 + iE
′
2) = ∂0A
′
z − ∂¯A′0, A′z =
1√
2
(A′1 + iA
′
2). (3.20)
Because Y is time independent, Ez should be too. Therefore we have ∂0A
′
z = 0
3, and then A′0 is
time independent. Once we choose Y as a holomorphic function, the Chern-Simons constraint
implies
∂¯A′0 = −
2π
k
Y ∂¯Y †. (3.21)
A solution to this constraint is given by
A′0 = −
2π
k
|Y |2 + const. (3.22)
On the other hand, when Y is an anti holomorphic function, the Chern-Simons constraint is
∂¯A′0 = +
2π
k
Y †∂¯Y. (3.23)
A solution is
A′0 = +
2π
k
|Y |2 + const. (3.24)
Since we have the condition B˜ = 0, A′z should be in the pure gauge. In the D2 limit, A
′
m =
1
2
(Am+ Aˆm) becomes dynamical and B
′
m =
1
2
(Am− Aˆm) is decoupled. As discussed in [26]4, in
the D2-limit, A′m is a gauge field on the D2-brane world-volume and couples to the R-R 1-form
C
(1)
m , NS-NS 2-form Bmn through the following couplings in the D2-brane effective action SD2,
SD2 ∼
∫
d3x
[
B0iF
′0i + F ′12C
(1)
0 + · · ·
]
. (3.25)
Therefore, the electric field is a source of F-strings while the magnetic field is a source of D0-
branes. From this observation, the above solutions we have obtained can be interpreted as an
M2-M2 bound state which is reduced to D2-F1 bound state in the type IIA limit. Under the
BPS conditions (3.13), the supersymmetry transformation of the fermion becomes
0 = δψA = −γ1ωABD1Y B − γ2ωABD2Y B = −(γ1 ± iγ2)ωABD1Y B, (3.26)
namely,
γ1γ2ωAB = ±iωAB . (3.27)
Therefore the BPS conditions (3.13) preserve 1/2 supersymmetry amongN = 6 supersymmetry.
We will see that this is an exact solution even for the full non-linear case.
3The most general solution for A′
z
is ∂0A
′
z
= f(z, z¯) where f is a time independent function. Here we assume
f(z, z¯) = 0 for simplicity.
4In [26], a non-BPS D2-F1-D0 bound state was discussed in the abelian ABJM model.
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4 Non-linear extension of the abelian ABJM model
4.1 Non-linear action
Since the effective theory of an M2-brane without gauge fields is described by the Nambu-Goto
action [28], the scalar field part of the non-linear ABJM action is given by
SNG =
∫
d3x LNG = −TM2
∫
d3x
√
− det
(
ηmn + T
−1
M2D(mY
ADn)Y
†
A
)
, (4.1)
where we have gauge covariantized the Nambu-Goto action by the gauge symmetry U(1)×U(1)
and the parentheses in the determinant stands for the symmetrization of indices. At leading
order in T−1M2, the action reduces to the scalar kinetic term in the abelian ABJM model (3.1).
Let us analyze how this action is related to the D2-brane via the higgs mechanism. The
determinant factor X ≡ det(δmn + T−1M2DmY ADnY †A +DnY ADmY †A) in the squire root can be
easily evaluated and its explicit form is given in Appendix. Once a scalar field develops its VEV
and is shifted around the vacuum, Y A → vδA4 + Y A, and by taking the rescaling B′m → B′m/v
and limits k, v →∞ (we call this process D2-reduction procedure), the equation of motion for
the auxiliary field B′m is
0 =
∂L′NG
∂B′m
= − TM2
2
√
X ′
∂X ′
∂B′m
. (4.2)
where L′NG is the Lagrangian after the D2-reduction procedure and we have defined the following
quantity
X ′ ≡ − det
[
ηmn + T
−1
M2D
′
(mY
AD′n)Y
†
A
]
. (4.3)
Here, D′m is the gauge covariant derivative of the scalar field after the introduction of the VEV.
The explicit form of ∂X ′/∂B′m is found in Appendix. We find that a solution to the equation
of motion is given by
B′m = −
√
2
4
∂mX
8, (4.4)
which is the same one with the case in the linear order. Once this solution is substituted into
the action and one rescales the scalar fields as XI → g−1D2XI , we have
L′NG = −TD2
√√√√det(1 + T−1D2g−2D2
7∑
I=1
∂mXI∂mXI) (4.5)
Note that we have used the fact that the tension TD2 of a D2-brane is obtained from TM2 via
the relation TM2 =
1
(2pi)2
M311 =
1
(2pi)2
g−1s α
′− 3
2 = TD2, where the eleven-dimensional Planck mass
M11 is evaluated by the ten-dimensional quantities. The Lagrangian (4.5) is nothing but the
scalar part of the DBI Lagrangian for the single D2-brane.
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Since the gauge fields do not propagate in the ABJM model, it must not have kinetic
terms in the non-linear theory and have topological terms only. Therefore, the full non-linear
extension of the abelian ABJM action is given by
SM2 =
∫
d3x
[
k
4π
ǫmnp(Am∂nAp − Aˆm∂nAˆp)− TM2
√
− det
(
ηmn + T
−1
M2D(mY
ADn)Y
†
A
)]
(4.6)
where we have considered only the bosonic part of the action. The fermionic part is given by
supersymmetrizing this action. A similar action was discussed in [14] but here we will study
the detail structure of this action. First of all, this action is reduced to the U(1)×U(1) ABJM
model at the leading order in T−1M2 and to the Nambu-Goto action when all the gauge fields are
dropped. The action is invariant under the SU(4)R R-symmetry, U(1)×U(1) gauge symmetry
(3.2) and the orbifold projection Y A → ei 2pik Y A. Note that the action proposed here does not
contain higher derivative parts of the gauge fields that correspond to the derivative corrections
of Fmn in the D-brane effective action. Actually, these terms will be absent when we will reduce
the action to that of the D2-brane by the D2-reduction procedure. As in the case of the ordinary
DBI action, we introduce a Lagrange multiplier p and rewrite the action (4.6) as follows,
SM2 =
∫
d3x
[
k
4π
ǫmnp(Am∂nAp − Aˆm∂nAˆp)
+
T 2M2
2p
det η − p
2
det
(
δm
n + T−1M2DmY
ADnY †A + T
−1
M2D
nY ADmY
†
A
)]
. (4.7)
If p is integrated out, the original action (4.6) is recovered. With the above results in mind, let
us consider the D2 reduction of the action (4.7). After the D2-reduction procedure, the action
becomes
SD2 =
∫
d3x
[
k
2πv
ǫmnpF ′mnB
′
p +
T 2D2
2p
det η − p
2
X ′(B′)
]
, (4.8)
where X ′ is the determinant factor as we have defined before which is a function of B′m. The
equation of motion for the auxiliary field is
k
2πv
ǫmpqF
′pq − 1
2
p
∂X ′
∂B′m
= 0. (4.9)
Since the solution in the absence of the Chern-Simons term is given by the equation (4.4) , we
assume that the solution to the equation (4.9) is given by the following form,
B′m = −
√
2
4
∂mX
8 +
1
2
√
2
bm. (4.10)
We are going to determine the function bm. For an arbitrary function f(B
′
m), we have the
following relation.
∂
∂B′m
f(B′m)|B′=−√2
4
∂X8+b/2
√
2
= 2
√
2
∂
∂bm
f(−
√
2
4
∂mX
8 +
bm
2
√
2
), (4.11)
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Using this relation, the equation for the b field is given by
k
2πv
ǫmpqF
′pq −
√
2p
∂
∂bm
X ′(−
√
2
4
∂mX
8 +
bm
2
√
2
) = 0. (4.12)
Once we define gmn = ηmn + T
−1
M2
∑7
I=1 ∂mX
I∂nX
I , we have
X ′(−
√
2
4
∂mX
8 +
1
2
√
2
bm) = − det(ηmn + T−1M2
7∑
I=1
∂mX
I∂nX
I + T−1D2 bmbn)
= − det g det(δmn + T−1D2 bmbpgnp)
= − det g(1 + T−1D2 bmbngmn). (4.13)
Therefore,
∂
∂bm
X ′(−
√
2
4
∂mX
8 +
1
2
√
2
bm) = −2T−1D2 det g · gmnbn. (4.14)
Then, the solution to the equation (4.12) is given by
bm = − TD2
2
√
2p
1
det g
k
2πv
gmrǫ
rpqF ′pq. (4.15)
At the end, we have a solution for B′m,
B′m = −
√
2
4
∂mX
8 − TD2
2
√
2p
1
det g
k
2πv
gmrǫ
rpqF ′pq. (4.16)
If we substitute the solution B′m = −
√
2
4
∂mX
8 + 1
2
√
2
bm back into the action (4.8), we have
SD2 =
∫
d3x
[
k
2πv
ǫmnpF ′mn
(
−
√
2
4
∂pX
8 +
1
2
√
2
bp
)
+
T 2D2
2p
det η − p
2
X ′(−
√
2
4
∂mX
8 +
1
2
√
2
bm)
]
=
∫
d3x
[
k
4
√
2πv
ǫmnpF ′mnbp +
p
2
det g(1 + T−1D2 bmbng
mn) +
T 2D2
2p
det η
]
. (4.17)
The term ǫmnpF ′mn∂pX
8 becomes the total derivative by using the Bianchi identity for F ′mn.
Rescaling 1
gD2
bm = tm, we have
SD2 =
∫
d3x
[
p
2
det g
(
1 + λ2g4D2tmtng
mn
)
+
1
2
ǫmnptmF
′
np −
T 2D2
2p
]
. (4.18)
This is nothing but the dual D2 DBI action (2.4). Therefore the proposed action (4.6) correctly
reproduces the D2-brane action containing all α′ corrections.
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4.2 BPS solutions
Let us find BPS conditions in this non-linear action. When we consider effective theories of
D-branes, it is important to bear in mind that BPS configurations in the lowest order in the
derivative expansion is also an exact solution in the full non-linear order. As a matter of fact, we
will see that this is true even in our case. We consider a configuration Y 1 = Y 6= 0, Y A 6=1 = 0,
then the determinant factor reduces to
X = 1 + 2T−1M2DmY D
mY † + T−2M2(DmY D
mY †)2 − T−2M2DmY DmY DnY †DnY †. (4.19)
From this expression, we have the following energy density
E = TM2√
X
[
1 + 2T−1M2DiY DiY
† + T−2M2(DiY DiY
†)2 − T−2M2DiY DiY DjY †DjY †
]
. (4.20)
The determinant factor can be rewritten as
X =
∣∣∣ 1± iǫijT−1M2DiY DjY †∣∣∣2 + T−1M2 |DiY ± iǫijDjY |2
−2T−1M2|D0Y |2 − T−2M2
∣∣D0Y DiY † −D0Y †DiY ∣∣2 . (4.21)
while the expression in the bracket in the equation (4.20) is rewritten as∣∣1± iǫijT−1M2DiY DjY †∣∣2 + T−1M2 |DiY ± iǫijDjY |2 . (4.22)
From these results, we find that the energy density is bounded as
E ≥ TM2
√∣∣1± iǫijT−1M2DiY DjY †∣∣2 + T−1M2 |DiY ± iǫijDjY |2
≥ TM2
∣∣1± iǫijT−1M2DiY DjY †∣∣ . (4.23)
Here the equality holds only when the following conditions are satisfied,
D0Y = 0, DiY ± iǫijDjY = 0. (4.24)
These are nothing but the BPS conditions found in the abelian ABJM model. If these conditions
are satisfied, the energy is evaluated as
E = TM2
∫
d2x
(
1 + T−1M2|DiY |2
)
= ±iǫij
∫
d2x ∂i(Y
ADjY
†
A), (4.25)
where in the second equality, we have subtracted the mass of an M2-brane. The surface term
is the same one found in the abelian ABJM model and it is a generalization of the well-known
M2-brane central charge [24, 27]. The constraint coming from the Am gauge field equation of
motion is rather complicated compared with the ABJM case (3.11). The explicit form is found
in Appendix. However, if we consider the configuration Y 1 = Y 6= 0, Y A = 0, (A 6= 1) and use
the BPS conditions, the Chern-Simons constraint (A.3) becomes
k
4π
ǫmpqFpq − i(Y DmY † − Y †DmY ) = 0. (4.26)
The same form of the condition holds for the gauge field Aˆm (just replace Fmn → Fˆmn). These
conditions precisely realize the Chern-Simons conditions obtained in the linear order. Therefore
the BPS solutions in the abelian ABJM model are the exact solutions even in the non-linear
order. This situation is quite similar to the D-brane case [25, 29]. All higher derivative effects
in the non-linear action cancel for the BPS configurations.
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5 Couplings with supergravity backgrounds
5.1 Linear order
The coupling of a single M2-brane with the 3-form background in the eleven-dimensional su-
pergravity in flat space is given by [28].
S = TM2
∫
d3x ǫmnpP [C(3)]mnp
= TM2
∫
d3x ǫmnp
[
C(3)mnp + 3∂mX
IC
(3)
Inp + 3∂mX
I∂nX
JC
(3)
IJp + ∂mX
I∂nX
J∂pX
KC
(3)
IJK
]
,
(5.1)
where the real scalars XI (I = 1, · · · , 8) stand for the transverse directions to the M2-brane
world-volume and the pull-back has been evaluated in the static gauge. We generalize this
term to the abelian ABJM model. For the ABJM model, the transverse direction is Zk-
orbifolded and part of the components in the 3-form in the real basis C(3) = 1
3!
C
(3)
MNPdx
M ∧
dxN ∧ dxP , (M,N,N = 0, · · · 10) should be projected out. In the static gauge, there are four
index structures5 CIJK , CmIJ , CmnI , Cmnp where I, J,K = 1, · · · , 8 are transverse directions and
m,n, p = 0, 1, 2 are world-volume directions. The components which contain odd number of
indices I, J,K are projected out while Cmnp is apparently invariant under the orbifold. For the
index structure CmIJ , focusing on the transverse directions, the 3-form can be rewritten by the
complex coordinate basis yA = 1√
2
(xA + ixA+4), y†A =
1√
2
(xA − ixA+4), A, B = 1, · · · , 4. From
the orbifold condition yA → e 2piik yA, we find that the conditions of the 3-form in the x-basis
components are given by
CmAB = Cm(A+4)(B+4), CmA(B+4) = −Cm(A+4)B . (5.2)
Therefore the components that survive the orbifold projection are found to be
CmAB ≡ 1
2
{
CmAB + iCmA(B+4) − iCm(A+4)B + Cm(A+4)(B+4)
}
, (5.3)
CmAB ≡ 1
2
{
CmAB − iCmA(B+4) + iCm(A+4)B + Cm(A+4)(B+4)
}
, (5.4)
(CmAB)† = CmAB. (5.5)
We propose coupling terms of the 3-form with the abelian ABJM model as
Sflux =
TM2
3!
∫
d3x ǫmnpCmnp +
1
2
∫
d3x ǫmpq
[
CmABDpY ADqY †B + CmABDpY †ADqY B
]
, (5.6)
where CmAB, CmAB transform as 4¯ ⊗ 4, 4 ⊗ 4¯ under the SU(4)R R-symmetry. All the scalar
fields Y A appearing in the ABJM model is rescaled in such a way that the overall factor TM2
in (5.1) is absent. The action (5.6) is invariant under the world-volume U(1) × U(1) gauge
transformation. This is the natural generalization of the ordinary 3-form coupling (5.1). The
structure of the background field and the gauge invariance is consistent and the pull-back is
5In the following, we omit the superscript “(3)” for the 3-form in eleven dimensions.
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gauge covariantized which is similar to the Myers term in the D-brane cases [18]. The first
term in the equation (5.6) trivially reduces to the natural world-volume coupling of the R-R
3-form C
(3)
mnp with the D2-brane, namely, the first term in (2.7). Note that we are considering
the constant potential for simplicity and it breaks the gauge invariance of the background field
δC(3) = dΛ(2) where Λ(2) is a 2-form gauge parameter. If the background is not constant,
it should be expanded around the M2-brane position X0. For example, in the x-basis, the
potential CIJK is expanded as
CIJK(X) = CIJK(X0) + ∂RCIJK(X0)X
R +
1
2!
∂S∂RCIJK(X0)X
RXS + · · · . (5.7)
Let us see the D2 reduction of the action (5.6). We start with the action
S˜ = SABJM + Sflux, (5.8)
where the first term is the action for the abelian ABJM model (3.1). After the D2-reduction
procedure, we have the flux part S ′flux coming from Sflux,
S ′flux =
TD2
3!
∫
d3x ǫmnpC(3)mnp +
∫
d3x
1
2
ǫmpq
[
CmAB∂pY A∂qY †B − CmAB∂pY B∂qY †A
+ 2i(CmA4 − Cm4A)B′p∂qY A + 2i(Cm4A − CmA4)B′p∂qY †A
]
. (5.9)
The equation of motion for the auxiliary field is solved by the following solution,
B′p = −
√
2
4
∂pX8 +
1
8
k
2πv
ǫmnpF ′mn
−
√
2
8
ǫmpq
[
CmA4∂qX
A+4 + Cm(A+4)8∂qX
A+4 + Cm4(A+4)∂qX
A + CmA8∂qX
A
]
.
(5.10)
Substituting this solution back into the action (5.8), we find that all terms which contain X8
cancel out and the resulting action S˜D2 contains following coupling terms,
S˜D2 ∼
∫
d3x
[
TD2
3!
ǫmnpC(3)mnp +
1
2g2D2
ǫmpq
7∑
I,J=1
C
(3)
mIJ∂pX
I∂qX
J − 1
g2D2
F ′mn
7∑
I=1
BmI∂nX
I
− 1
2g2D2
7∑
I,J=1
BmI∂pX
IBmJ∂
pXJ +
1
2g2D2
7∑
I,J=I
BmI∂nX
IBnJ∂
mXJ
]
, (5.11)
where we have used the orbifold projection condition (5.2), defined the NS-NS 2-form as CmI8 ≡
BmI and rescaled X
I → g−1D2XI . This result precisely reproduces part of the couplings in the
D2-brane action (2.7), (2.8). Note that other parts which are absent in the above expression,
for example terms that contain Bmn in (2.8), have been already projected out in the eleven
dimensions and never appear in ten dimensions.
13
5.2 Non-linear extension
Let us generalize the previous result to the non-linear case. We propose the following action,
SˆM2 =
∫
d3x
[
k
4π
ǫmnp(Am∂nAp − Aˆm∂nAˆp)
+
T 2M2
2p
det η − p
2
det
(
δm
n + T−1M2DmY
ADnY †A + T
−1
M2D
nY ADmY
†
A
)
+
TM2
3!
ǫmnpCmnp +
1
2
ǫmpq
[
CmABDpY ADqY †B + CmABDpY †ADqY B
]]
, (5.12)
where p is the Lagrange multiplier as we have introduced before. After the D2-reduction
procedure, we have the action SˆD2 which is given by
SˆD2 =
∫
d3x
[
k
2πv
ǫmnpF ′mnB
′
p +
T 2D2
2p
det η − p
2
X ′ +
1
2
ǫmpq
[
CmABDpY ADqY †B + CmABDpY †ADqY B
]
+
TD2
3!
ǫmnpC(3)mnp + iǫ
mpq
(CmA4 − Cm4A)B′p∂qY A + iǫmpq (Cm4A − CmA4)B′p∂qY †A
]
. (5.13)
The equation of motion for the auxiliary field is
∂LˆD2
∂B′p
=
k
2πv
ǫmnpF ′mn −
p
2
∂X ′
∂B′p
+ iǫmpq
(CmA4 − Cm4A) ∂qY A + iǫmpq (Cm4A − CmA4) ∂qY †A,
(5.14)
where LˆD2 is the Lagrangian corresponding to the action (5.13). As in the case of section 4,
consider the ansatz (4.10) and using relations (4.13) and
(CmA4 − Cm4A) ∂qY A + (Cm4A − CmA4) ∂qY †A = 2√2i
7∑
I=1
CmI8∂qX
I , (5.15)
the solution for the bm equation is found to be
bm = − TD2
p det g
gmpǫ
prs
[
1
2gD2
F ′rs +
7∑
I=1
CrI8∂sX
I
]
. (5.16)
This is just the solution (4.15) but with the replacement 1
2gD2
F ′mn → 12gD2F ′mn+
∑7
I=1CmI8∂nX
I .
Substituting the ansatz into the action and using the orbifold condition, again we find that all
the X8 dependence cancel out and the action becomes
SˆD2 =
∫
d3x
[
ǫmnp
[
1
2gD2
F ′mn + CmI8∂nX
I
]
bp +
T 2D2
2p
det η +
p
2
det g(1 + T−1D2 bmbng
mn)
+
TD2
3!
ǫmnpC(3)mnp +
1
2
ǫmpq
7∑
I,J=1
C
(3)
mIJ∂pX
I∂qX
J
]
. (5.17)
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The first three terms are just the dual form of the D2 DBI action (2.4) and after integrating
out p and bm, we find
SˆD2 = −TD2
∫
d3x
√
− det (gmn + (BmI∂nXI − BnI∂nXI) + λF ′mn)
+
∫
d3x
[
TD2
3!
ǫmnpC(3)mnp +
1
2g2D2
ǫmpq
7∑
I,J=1
C
(3)
mIJ∂pX
I∂qX
J
]
,
(5.18)
where we have rescaled XI → g−1D2XI and used the fact that CmI8 = BmI couples to anti
symmetric tensors in the determinant. This result has correct structure of the R-R 3-form
and NS-NS 2-form couplings in the DBI action. It is worthwhile to emphasize that the correct
(including numerical coefficients) structure of couplings for both R-R 3-form and NS-NS 2-form
are generated by the higgs mechanism from the coupling of the 3-form in eleven dimensions.
6 Conclusions and discussions
In this paper, we investigated higher derivative corrections to the abelian ABJM model and
its couplings with the 3-form background in eleven-dimensional supergravity. The orbifold
projection singles out the gauge invariant combination of the couplings which is desired result
from the viewpoint of the world-volume theory. We showed that the novel higgs mechanism does
work even in the presence of the higher derivative corrections and the supergravity coupling
suggesting the ubiquity of the higgs mechanism in M2-brane effective theories. The equations
of motion for the auxiliary fields are solved explicitly and the correct structure of the D2-brane
effective action is obtained.
We also studied BPS configurations that keep half of the N = 6 supersymmetry. The
solutions can be interpreted as an M2-brane intersecting with the original M2-brane. We
showed that the BPS solution in the abelian ABJM model is also an exact solution in the non-
linear theory. Similar to the D-brane case, all the higher derivative corrections cancel out at
least for the BPS configurations. However, when one considers non-BPS configurations, these
higher derivative corrections play a significant role to study the dynamics of M2-branes [30].
The results of the abelian case presented in this paper provide valuable intuition for the
construction of the non-linear extension of non-abelian theories. A typical example is N = 6
ABJM model with U(N)× U(N) gauge group. However, we find that the natural non-abelian
extension of the abelian action (4.6) fails due to the non-availability of the higgs mechanism –
X8 does not cancel out in the naive D2-reduction procedure. Presumably, some symmetrization
of the gauge trace need to be introduced. There are several criteria for constructing a non-linear
action for non-abelian gauge groups. First, at leading order in T−1M2, the action should reduces
to the U(N)×U(N) ABJM model and also settle down to the action (4.6) in the abelian limit.
Second, assuming that the higgs mechanism works even in the non-abelian case, the action
must reduce to the non-abelian DBI action proposed in [18, 19] which is correct at least up to
order O(F 6) and naturally incorporates the symmetric trace structure. Finally, we expect that
BPS solutions which have been found in the U(N)× U(N) ABJM model are solutions even in
the non-linear order. These conditions severely constrain the possible form of the action. Note
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that in the ABJM model, the symmetric trace structure of the fields is rather unclear since the
fields Y A (and its supersymmetric counterpart) are all in the bi-fundamental representation of
the gauge group. Therefore it would be better to study the structure of the action by order by
order in T−1M2.
On the other hand, we can consider the 3-form coupling with the non-abelian ABJM model.
A natural non-abelian generalization of the coupling (5.6) would be given by
Sflux =
1
2
∫
d3x ǫmpqTr
[
CmABDpY ADqY †B + CmABDpY †ADqY B
]
, (6.1)
where we have dropped the Cmnp term and Y
A are bi-fundamental representation of the gauge
group, CmAB, CmAB are constants for simplicity. As in the case of the abelian gauge group, the
orbifold projection singles out the gauge invariant combination of the background. It is easy
to find that via the D2-reduction procedure, the coupling (6.1) reproduces part of the NS-NS
2-form and R-R 3-form couplings in multiple D2-brane effective action. Especially, the gauge
covariantized pull-back structure [18] is reproduced. Another interesting issue is to find the
higher order corrections of the 3-form (and its 6-form dual) couplings to the M2-brane6 which,
after the reduction to the D2-brane effective theory, should be related to the deformed gauge
theories on the D3-branes in the presence of R-R backgrounds via T-dualities [34]. We will
come back to this issue in the future works [31].
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A Useful formulae
The 3× 3 determinant factor in the square root of the action (4.1) is evaluated as
X ≡ det(δmn + T−1M2DmY ADnY †A +DnY ADmY †A)
= 1 + 2T−1M2DmY
ADmY †A + 2T
−2
M2(DmY
ADmY †A)
2 − 1
2
T−2M2D(mY
ADn)Y
†
AD
(mY BDn)Y †B
+
4
3
T−3M2(DmY
ADmY †A)
3 +
2
3
T−3M2(DmY
ADpY †A)(DnY
BDmY †B)(DpY
CDnY †C)
−T−3M2(DmY ADmY †A)D(pY BDq)Y †BD(pY CDq)Y †C
+2T−3M2(DmY
ADpY †A)(D
mY BDnY
†
B)(DpY
CDnY †C). (A.1)
Once Y 4 develops a VEV v and taking the limits v, k →∞ after the rescaling the auxiliary field
B′m → B′m/v, we rewrite X by X ′ to distinguish the original determinant with that contains
6See [32, 33] for the ralated discussions in the BLG model.
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the VEV. The derivative of X ′ with respect to B′m is explicitly given by
∂X ′
∂B′m
= 2T−1M2
(
2
√
2∂mX
8 + 8B′m
)
+4T−2M2(D
′
nY
AD′nY †A)
(
2
√
2∂mX
8 + 8B′m
)
−2T−2M2(D′(pY AD′m)Y †A)
(
2
√
2∂pX
8 + 8B′p
)
+4T−3M2(D
′
nY
AD′nY †A)
2
(
2
√
2∂mX
8 + 8B′m
)
+2T−3M2(D
′pY BD′nY
†
B)(D
′nY CD′mY †C)
(
2
√
2∂pX
8 + 8B′p
)
+2T−3M2(D
′
nY
BD′pY †B)(D
′mY CD′nY †C)
(
2
√
2∂pX
8 + 8B′p
)
+2T−3M2(D
′mY BD′nY †B)(D
′pY CD′nY
†
C)
(
2
√
2∂pX
8 + 8B′p
)
+2T−3M2(D
′
nY
BD′pD†B)(D
′nY CD′mY †C)
(
2
√
2∂pX
8 + 8B′p
)
−T−3M2D′(nY BD′p)Y †BD′(nY CD′p)Y †C
(
2
√
2∂mX
8 + 8B′m
)
−4T−3M2D′nY AD′nY †AD′(pY CD′m)Y †C
(
2
√
2∂pX
8 + 8B′p
)
. (A.2)
From this expression, it is clear that (4.4) is a solution of the equation of motion for the auxiliary
field B′m.
Let us evaluate the equation of motion of Am for the action (4.6). A straightforward
calculation leads to the following result,
0 =
k
4π
ǫmpqFpq − 1√
X
{
i(Y ADmY †A − Y †ADmY A) + 2iT−1M2(Y ADmY †A − Y †ADmY A)DnY BDnY †B
−iT−1M2(Y ADpY †A − Y †ADpY A)D(mY BDp)Y †B + 2iT−2M2(Y ADmY †A − Y †ADmY A)(DnY BDnY †B)2
+iT−2M2Y
ADpY †A(DrY
BDmY †B)(DpY
CDrY †C)− iT−2M2Y †ADpY A(DrY BDpY †B)(DmY CDrY †C)
− i
2
T−2M2(Y
ADmY †A − Y †ADmY A)D(pY BDq)Y †BD(pY CDq)Y †C
−2iT−2M2(Y ADpY †A − Y †ADpY A)DnY BDnY †BD(mY CDp)Y †C
+iT−2M2(Y
ADpY
†
A − Y †ADpY A)(DmY BDrY †B)(DpY CDrY †C)
+iT−2M2(Y
ADpY
†
A − Y †ADpY A)(DrY BDmY †B)(DrY CDpY †C)
+ iT−2M2(D
mY ADpY †A)Y
BDrY
†
B(DpY
CDrY †C)− iT−2M2(DrY ADpY †A)Y †BDrY B(DpY CDmY †C)
}
(A.3)
The same equation holds even for Aˆm if one replaces Fmn by Fˆmn in the above expression. If
we assume the configuration Y 1 = Y 6= 0, Y A = 0, (A = 2, 3, 4) and using the BPS conditions
(4.24), the equation (A.3) reduces to the equation (4.26).
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